The objective of the study was to review 1) patient demographics, 2) hard tissue defect, 3) surgical information and outcomes, 4) early and late complications and 5) dental rehabilitation.
INTRODUCTION
Ameloblastoma is the most common benign odontogenic tumor and represents 13-54% of all benign and malignant tumours of the jaw 1 . There is no distinct gender predilection and most cases are diagnosed in the third to fifth decades of life. While rare in children younger than age 10 years, it is relatively uncommon in the 10 to 19 year old group. The ratio of mandibular to maxillary ameloblastomas is 5:1 and usually involves the molar-ascending ramus area 2 .
Ameloblatomas may be classified into two groupsbenign and malignant. Malignant variants are extremely rare and constitute less than 1% of all ameloblastomas. Benign ameloblastomas are grouped into three different patternssolid/multicystic, unicystic and extraosseous/ peripheral. Solid/multicystic ameloblastomas are most common, with a slow but infiltrative growth pattern. They are locally aggressive and occur mainly in adults. They present as multilocular radiolucent lesions often described as 'honeycombed' or 'soap-bubble' appearance. Frequently, an unerupted tooth is associated with the lesion. Unicystic ameloblastomas were first described in 1977 3 . This variant occurs radiographically as a unilocular lesion and is frequently associated with a buried tooth. Unicystic ameloblastomas tend to occur at an earlier age [4] [5] [6] [7] .
Peripheral ameloblastomas are rare and histologically resemble intraosseous ameloblastomas but develops in the soft tissues of the gingivae and mucosae. They generally present Proceedings of Singapore Healthcare  Volume 23  Number 1  2014 as slow growing, firm, painless masses with smooth surfaces.
Because they are slow growing, intra-osseous ameloblastomas may go un-noticed. Patients might not seek treatment until significant enlargement of the tumour or infection has occurred. Smaller lesions are occasionally detected on radiographs during routine dental checks. Intra-orally, there may be expansion of the buccal and lingual cortices and associated teeth may be mobile. The posterior mandible is the most common site of occurrence for both the unicystic and multicystic/ solid variants. Neuro-sensory impairment of the inferior alveolar nerve distribution is uncommon.
Treatment for unicystic ameloblastomas is generally conservative and involves enucleation and simultaneous use of physico-chemical methods (Carnoy's solution). The less aggressive unicystic variant has a recurrence rate of 16% 1, 8 .
However, high recurrence rates of up to 60% have been noted when solid/multicystic ameloblastomas were enucleated [8] [9] [10] [11] [12] [13] . The treatment for these would be resection with 1 to 2 cm of surrounding clinically uninvolved cancellous bone. This yielded the lowest recurrence rate of 3.6% 8 .
Resection of the mandible leads to a discontinuity of the bone and if not reconstructed, may cause facial deformity and malocclusion. Immediate reconstruction following resection of ameloblastomas of the mandible is recommended.
The fibula free flap was first described by Taylor et al in 1975 14 . It was Hidalgo who first applied the free fibula in reconstruction of the mandible 15. Cordeiro et al 16 recommended the fibula graft as the method of choice for mandibular reconstruction. The satisfactory functional and aesthetic outcome and low donor site morbidity makes this the preferred flap for oromandibular reconstruction.
A retrospective review was carried out on 44 cases of mandibular ameloblastoma that were treated by resection followed by mandibular reconstruction using fibula grafts from October 1994 to October 2011 at Singapore General Hospital and National Dental Centre Singapore.
The objectives of the study were:
To review patient demographics in this group of patients To classify the hard tissue defects in these patients.
To review surgical information and outcomes in this group of patients. The fibula graft is deemed to be successful if there is clinical union and stability of fibula graft at 6 months post reconstruction.
To review the incidence of early and late complications
To review the success of dental rehabilitation following treatment.
MATERIALS AND METHODS
From October 1994 to October 2011, 106 patients underwent oromandibular reconstruction using the fibula graft. Of these, 44 patients had solid/ multicystic ameloblastomas of the mandible. Although one case was histopathologically reported as 'unilocular cystic ameloblastoma' , the pre-operative orthopantomogram (OPG) showed a large multilocular lesion involving the left ramus and body mandible and is thus included. One patient was excluded due to insufficient medical data. All 43 patients had resection followed by oromandibular reconstruction using vascularized fibula bone grafts and had at least six months post-operative follow up. Cases of mandibular reconstruction using fibula grafts following resection of malignant tumours were excluded.
Data Collection
Data collection focused on the following:
• Patient Demographics -gender, age, race • Surgical Data including the distribution of mandibular defects following resection according to Urken's Classification 17 ; surgical outcomes, early and late complications • Dental Rehabilitation methods.
Urken's Classification of Mandibular Defects
This was introduced in 1991 17 for classifying soft and hard tissue defects. Evaluation of the mandibular defect can be done using OPG or computed tomography. Urken's classification of mandibular defects is illustrated in Fig. 1 . In our series, OPGs Proceedings of Singapore Healthcare  Volume 23  Number 1  2014 were used to classify the bone defects. The medical records did not include description of soft tissue involvement and thus soft tissue assessment was excluded. The number of osteotomised segments of the fibula graft, the type and number of bone plates used to immobilize and shape the fibula grafts were also recorded. (Table 1) 
RESULTS

Patient Demographics
Amongst the forty-three patients reviewed (n=43), there were 21 males and 22 females. Of these, there were 29 Chinese (67.4%), seven Malay (16.3%), one Indian (2.3%) and six patients in the category of Others (14.0%). The ages of the patients ranged from 11 years to 57 years and the average age of the patients was 29 years.
Distribution of Hard Tissue Defects
Based on Urken's Classification 17 , 67.4% of the mandibular defects involved the body and ramus of the mandible. Total of 17 cases (39.5%) involved the ramus and body mandible only. Of these 17, six cases had involvement of the condyle. Nine cases (20.9%) involved the ramus, body and hemisymphysis. Of these nine cases, three involved the condyle. Only three cases (7%) involved the ramus, body and symphysis. Two of these involved the condyle. Two cases (4.7%) were confined to the body mandible and one case (2.3%) was confined to the left hemisymphysis. There were six cases (14%) involving the body and hemisymphysis and five cases (11.6%) involving the body and symphysis. A total of 11 cases involved the condyle. Eight patients (18.6%) had defects extending past the midline to the contralateral side (Table 1) .
Co-morbidities:
Seven patients were smokers, two patients had hypertension and one patient had Factor IX deficiency which required replacement prior to the surgery. The two patients with hypertension were aged 50 and 57 years old respectively.
Surgical Procedure:
Patients were tracheostomised routinely. The tracheostomy was removed at an average of 9.5 days post-surgery (range 5-31 days) and patients were discharged after an average of 14 days of hospital stay (range 7-40 days).
At the donor site, the skin incision was made over the lateral aspect of the leg after a tourniquet had been applied. The fibula was exposed and the required length of fibula bone was harvested with a sufficient length of vascular pedicle to facilitate the vascular anastomosis with the recipient vessels. Depending on the size of skin paddle harvested, the donor site can be primarily closed or a skin graft placed over the site.
At the recipient site, wide excision of the tumour was carried out. In this series, the main recipient arteries used for anastomosis were the facial and superior thyroid arteries. The veins used for anastomosis were the facial, superior thyroid, the external and internal jugular veins. These vessels are anastomosed to the fibula flap pedicle using the end-to-end technique.
The fibular graft was then osteotomised at pre-selected sites. Selection of these sites was aided by the use of an acrylic template of the 'resected mandible' . The acrylic template was fabricated according to the patient's facial contour clinically and the fibula bone shaped to the template intra-operatively. (Fig. 2a -c) Wedge-shaped cortico-cancellous bone pieces were removed to shape the fibula graft to reconstruct the mandibular defect. (Fig. 3) Temporary intermaxillary fixation (IMF) was routinely applied in dentate patients to stabilize the mandible during the contour and fixation of the graft to the mandible. This helped in Proceedings of Singapore Healthcare  Volume 23  Number 1  2014 
Number of Osteotomised Segments of the Fibula Graft
A total of 67.4% of the patients required two osteotomised segments. Eight of these cases involved the ramus and body and symphysis, 12 cases involved the ramus and body, eight cases involved the body and symphysis and one case involved the left body mandible only.
Seven patients required three osteotomised segments (16.3%), two of these cases involved the ramus and body and symphysis, three cases involved the ramus and body; and two cases involved the body and symphysis.
Two patients required four osteotomised segments (4.7%). Both these patients had tumours extending into the ramus unilaterally, bilaterally into the body of mandible and the symphysis.
The remaining five patients (11.6%) had only one segment for reconstruction of the resected mandible. Two of these cases involved the ramus and body. One involved the body and symphysis and another involved the right body mandible and symphysis. These are summarized in Fig. 4 .
Early Complications
Early complications were observed in nine of the 43 patients (20.9%). One of the patients had persistent fever and was treated successfully with intravenous antibiotics. Another showed atelectasis on her post-operative chest radiograph and this was likely to be due to aspiration pneumonia. She was also a smoker. She was treated successfully with intravenous antibiotics. Another patient developed severe depression and required treatment with medication and psychiatric counseling.
One patient had an anastomotic leak at the recipient site post-operatively. This resulted in a hematoma and the patient was taken back into operating theatre for emergency evacuation of hematoma, hemostasis and repair of vessel anastomosis.
Another patient suffered a breakdown of her neck wound which led to leakage of oral fluids. Wound culture identified serratia genus and this patient was treated with intravenous antibiotics.
One patient had significant swelling at the operative site. He underwent an exploratory surgery but there was minimal hematoma. The anastomosis sites were intact. The edematous swelling resolved uneventfully.
The patient who had fixation of his fibula graft with reconstruction plate suffered thrombosis of the fibula flap pedicle in the second week post -operation. He underwent debridement and removal of the thrombosed segment of fibula pedicle. Re-anastomosis was carried out. There was further wound breakdown after this second surgery, exposing the fibula graft. He eventually had another vascularized fibula graft harvested from his contralateral leg to reconstruct the mandible at 24 days after the initial operation.
The second graft was fixated with miniplates. This was the only fibula graft failure among this series (2.3%).
One patient had malocclusion post operation. He was placed in IMF for two weeks. This same patient also suffered a foot drop, a known complication associated with the fibula graft. The condition resolved.
One patient had sloughing of his skin graft at the donor site and underwent another surgery for split thickness skin graft placement.
Late Complications
Late complications were observed in six of the 43 patients (14%). One patient had a miniplate fracture three months post-operatively and this was treated conservatively. One patient developed a chin abscess at two months post operation. The abscess was drained and it resolved.
Another had a sinus tract at the neck 8 months postsurgery and this was excised. Another developed an abscess at his right mandible one and a half years post operatively. The abscess was drained and two miniplates at the site of the infection were removed. The patient who suffered malocclusion and foot drop presented with submandibular sinus tract and exposed plates and screws at two years post operation. He underwent surgical removal of hardware and the sinus tract was excised.
A female patient complained that her neck scar was unsightly (due to scar contracture) and she underwent scar revision one year post operatively. Removal of plates and screws from her right mandible was carried out simultaneously. At five and six years after, she had three further surgeries to transfer fat from her abdomen/thigh to her jaw to improve her lower jaw contour ( Table 2) .
Dental Rehabilitation
In this study, 18 patients (41.9%) had removable dentures fabricated. All these dentures were both tissue and teeth borne. The main complaints of patients that underwent denture rehabilitation were that of ill-fitting dentures or food was trapped under the denture flanges.
Two patients (4.7%) had implants-supported fixed prostheses (Fig. 5) .
A 12-year old patient who had resection of her left ramus and body mandible also had some crowding in her upper arch and anterior crossbite at her right lateral incisor. She underwent orthodontic treatment to align her teeth and to prevent over eruption of her left posterior maxillary teeth prior to placement of implants at a later stage.
Twenty two patients (51.2%) did not have any form of dental rehabilitation.
DISCUSSION
Ameloblastomas are generally found in the third to fifth decade of life 1 . The average age of their patients was 36 years with a range of four to 92 years. The patients in this series ranged from 11 years to 57 years with an average age of 29 years. Eight out of 43 patients (18.6%) were in their second decade of life. This portrayed a younger population in our series when compared to other studies 2 .
The high percentage of Chinese patients (67.4%) is due to the fact that Singapore has a predominantly Chinese population. In a census published by the Singapore Government in 2010, the Chinese population makes up 74.1% of the Singapore residents, with Malays at 13.4%, Indians at 9.2% and Others at 3.3% 18 .
The four most commonly used vascularized flaps in the oro-facial region are the iliac crest bone flap, the radial forearm flap, the scapula flap and the fibula flap. Each of these has unique features 15, 19 . The iliac crest bone flap is suitable for reconstruction of small segmental defects of the mandible requiring little or no soft tissue cover or skin grafting following resections of the mandible. The iliac crest and overlying skin flap is based on the deep circumflex iliac artery and was first described by Taylor et al 20 . Although this technique provides good vascularized bone, the overlying skin is often too thick for relining the oral cavity and is a poor color match for the face. In comparison to the other commonly used flaps, Mücke et al 21 reported significantly more complications with the iliac crest free flap. They included infection, delayed healing, microsurgical revision and flap loss.
The radial forearm flap was developed in China 22 . It has been reported to have success rates of above 95% in head and neck reconstruction 23, 24, 25 . Approximately 10-12 cm of bone can be harvested and it has a large skin paddle for reconstruction of soft tissue. However, the risk of fracture of the radius at the donor site has been a major drawback. The dimensions of the radial bone do not facilitate oral rehabilitation with osseointegrated implants. Thus the osteocutaneous radial forearm flap is generally not recommended for reconstruction of segmental mandibular defects. The radial forearm cutaneous flap continues to have an important supportive role. It is an excellent choice when used to cover a reconstruction plate, as a second free flap when extensive soft-tissue cover is required, or for salvage of a previous mandible reconstruction.
The scapula flap provides a large surface area of skin paddle and up to 10 to 14 cm of bone from the lateral scapula for mandibular reconstruction. The survival rates for the scapular osteocutaneous flap range from 89-96% [26] [27] [28] . This flap is especially useful for through and through defects which require intraoral and external skin lining. Repositioning of the patient is required during harvesting and this increase the total operating time. Its use in the mandible is also limited by the available bone stock.
The fibula flap has been the preferred flap 16 for oromandibular reconstruction due to its versatility as well as consistency in fibula bone dimension and stability. More than 20 cm of bone can be harvested during a single microvascular transfer 15 . The fibula flap allows a skin paddle to be obtained that measure up to 25 cm in length and 5 cm in width.
The fibula bone has a periosteal vascular supply and thus can withstand multiple osteotomies without significant compromise to the circulation, when the periosteum is left attached. This allows the surgeon to fashion and 'contour' the graft to fit the defects. The flap has a long vascular pedicle with large vessels, and almost constant anatomy which provides a predictable outcome. The fibula flap has proved to be successful in oromandibular reconstruction and success rates ranged from 92.8% to 100% 16, 29, 30 . Survival of the fibula bone was the determinant for success, notwithstanding the associated complications. In our series, there was only one graft failure and the success rate is about 97.7%. This patient smoked heavily. This reiterates the predictability of the fibula graft in oromandibular reconstruction.
An attempt was made to correlate the classification of the hard tissue defects in our patients to the number of osteotomised segments ( Table 1 ). The number of osteotomised segments did not correlate with the length of defect, but is influenced by the site of the defect. It is notable that the two patients who required four osteotomised segments in the fibula had extensive tumour involving the ramus unilaterally, bilateral body of mandible and the symphysis.
Of the 11 patients who underwent condylar reconstruction, one developed malocclusion whereas the remaining 10 did not report any complication. The malocclusion was alleviated by post-operative intermaxillary fixation and patient went on to receive removable lower denture for his dental rehabilitation. This same patient had removal of loose plates and screws at two years post operation. The low incidence of malocclusion is attributed to IMF during insetting of the fibula graft and constant verification of dental occlusion during the surgery.
In this review, we had a complication rate of 30.2%. Early complications were observed in nine of the 43 patients (20.9%). Late complications were observed in six of the 43 patients (14%). Two of the patients had both early and late complications.
All the complications could be managed conservatively or with minor surgery except for the one patient who had to undergo another free fibula flap.
The complications encountered were mainly infection, followed by hardware failure. An overall infection rate of 14% was reported in this study, which is well below the 34% as reported by Smolka et al 31 .
Infection early in the post-surgery period occurred in 9% of our patients despite antibiotics prescribed intra and post operatively. Late infection was seen in 4.7% of the group. There was no osteomyelitis of the graft in this series as compared to 10.9% reported by Smolka's group 31 .
The incidence of hardware problem was about 7% (three patients) and they usually occur late. There was one case of miniplate fracture, the cause of which was unknown. Loose and/or exposed plates and screws are usually associated with infection or sinus tracts and they were removed.
There was one case (2.3%) of anastomotic leakage which was repaired and the recovery was uneventful. Kessler et al 32 reported a 5.0% anastomosis-related complication in the mandible that required re-anastomosis. This is an uncommon complication as microvascular surgery is well established with predictable outcomes.
Donor site morbidity in our series was also low. There was only one case (2.3%) of foot drop syndrome (weakness in extension and flexion of the donor leg) in this series. This compares favorably with other studies with an incidence of 10% 33, 34 . Foot drop is a result of peroneal nerve injury or detachment of the hallucis longus muscle and is usually temporary.
Another patient (2.3%) developed severe depression and required intervention in terms of medication and psychiatric counseling. This number is low compared to the 14 to 47% of patients who suffered depression following coronary artery disease 35 .
Other studies have reported speech difficulty following oromandibular reconstruction at an incidence of 58% in male and 25% in female patients 36 . There was no record of speech difficulty in this series. This complication may have been under reported. Speech is an important contribution to the patient's well-being and should be part of the overall post-surgical assessment.
Thus, multi-disciplinary involvement is important in assisting patient recovery, reducing psycho social issues such as poor speech, depression and poor self-esteem.
In our study, 45.6% of patients had dental rehabilitation and 41.9% of the patients were restored with removable dentures. This was significantly more than that of 21% in the series by Iizuka et al 37 . The proportion of patients that elected to have no dental rehabilitation remained high at 51.2%. Reasons for lack of dental rehabilitation include financial reasons, prosthodontic contra-indications due to anatomical limitations and perceived minimal functional deficit after free flap rehabilitation.
There were only two patients that underwent dental rehabilitation with implants supported fixed prostheses (4.7%). Both were under the age of 30 years and were more receptive towards surgery for implant placement. Cost of implants placement and restoration are high and is a major factor against use of implants for dental rehabilitation.
CONCLUSION
Ameloblastoma of the mandible in our series affected 18.6% of patients who were in their second decade. The fibula flap has been shown to be a reliable flap with low morbidity and also suitable for future dental rehabilitation. Our study had shown that the success rate for our centre was high and comparable to others reported. The use of the fibula to reconstruct the condyle is also highly successful. Use of mini monocortical plates for fixation is very reliable. Infection, both in the early and late post-surgical phase was the main complication in this study. However, overall complications remained low and all had been successfully managed.
